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Executive Summary 
The purpose of this fire and life safety report is to determine whether The Air Force (AF) Child 
Development Center (CDC) Standard Design meets fire safety goals based on an increased child-to staff 
ratio and provide a prescriptive based analysis of the of the existing codes that the building was 
constructed under.  The primary fire safety goal is to provide building occupants with an environment 
that is reasonably safe from fire.   
A prescriptive-based design approach and a performance-based design approach are used to evaluate 
building safety in regards to occupant protection, structural integrity, and systems effectiveness.  The 
prescriptive-based approach is used to evaluate the building’s structural fire protection systems, egress 
design, fire detection and alarm systems, and fire suppression systems using AF criteria.   
The performance-based design approach is used to analyze how the building will perform in the event of 
a fire using three performance based design scenarios.  This approach evaluates the building based on 
the Required Safe Egress Time (RSET) and Available Safe Egress Time (ASET) for occupants to evacuate 
the building safely in the event of a fire.  Additionally, the evacuation times were evaluated based on the 
placement of fire detection. 
Recommendations and findings to improve building fire safety based on the performance based design 
scenarios are discussed in the results of this report.   
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1.0 Introduction 
 
The AF CDC SD was used to build 53 facilities throughout the AF between 2008 and 2013.  This SD was 
created in an effort to streamline the design review process for the large amount of projects going on at 
the same time in the most cost effective manner.   
 
This is a one story building with additional requirements because the Department of Defense (DoD) ratio 
of children to child caregiver is greater than permitted in NFPA 101.  The additional features required in 
DoD facilities compensate for the reduced child-to-staff ratios. 
 
Figure 1 shows a typical construction site for a CDC building.  Figure 2 shows the floor plan for all new 
CDC’s. 
 
Figure 1: Site Plan 
 
 
 
 
  
Figure 2: Floor Plan 
 
Reference: Zimmer, 2009 
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2.0 Code Requirements 
The CDC was designed to meet the following major codes, standards and regulations, most current 
editions at the time of design: 
o Applicable Codes and Standards: 
o UFC 1-200-01, General Building Requirements 
o UFC 3-600-01, Design: Fire Protection Engineering for Facilities General Design 
Requirements 
o UFC 4-770-14, Design: Child Development Centers 
o NFPA 13, Standard for the Installation of Sprinkler Systems 
o NFPA 70, National Electric Code 
o NFPA 72, National Fire Alarm Code 
o NFPA 90A, Standard for Installation of Air-Conditioning 
o NFPA 90B Standard for Installation of Warm Air Heating 
o NFPA 101, Life Safety Code (LSC) 
o International Building Code (IBC) 
o Architectural Barriers Act (ABA) 
o Engineering Technical Letters (ETL) 
o International Mechanical Code (IMC) 
 
This report evaluates the prescriptive-based and performance-based approaches to fire protection 
design as described in NFPA 101, 2009 edition, sections 4.1, 4.2, & 4.4. 
 
The primary fire safety goal is to provide building occupants with an environment that is reasonably safe 
from fire by protecting the occupants not intimate with the initial fire development and improving 
survivability of those occupants intimate with the initial fire development while also providing life safety 
during emergencies that can be mitigated using methods comparable to those used in case of fire and 
provide for both reasonably safe emergency and nonemergency crowd movement.  The primary 
objectives used to achieve these goals include occupant protection and maintaining structural integrity 
and systems effectiveness using both prescriptive base code requirements and performance based 
design scenarios. 
 
Specific code requirements pertaining to prescriptive-based and performance-based design will be 
discussed in their respective sections of this report. 
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3.0 Building Details 
3.1 Building Occupancy Classification  
The CDC is classified as a Day Care Occupancy in NFPA 101 and an I-4 Occupancy in the IBC.  NFPA 101 
defines a Day Care Occupancy as, “an occupancy in which four or more clients receive care, 
maintenance, and supervision, by other than their relatives or legal guardians, for less than 24 hours per 
day.”  The different occupancy uses within the CDC are shown in Table 1.   
 
Table 1: Occupancy Types 
Use Occupancy Type Occupancy Definition 
Offices & Conference Rooms  
(less than 50 occupants)  
Business Spaces used for the transaction of business 
other than mercantile. 
Storage Storage Spaces used primarily for the storage or 
sheltering of goods, merchandise, products, or 
vehicles. 
 
3.2 Building Square Footage 
The following is a list of the facility square footage broken up by room space: 
Table 2: Building Square Footage 
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3.3 Building Height 
Building height and area limitations (IBC, chapter 5, Table 503) 
Allowable per IBC:  65 feet (3 stories) 
Allowable per UFC 4-740-14: 1 story 
Actual:       30 feet (1 story) 
3.4 Site Access 
The nearest fire department is located within a 7 minute response time.  This is measured from time the 
alarm is received at the dispatch center until the first response vehicle arrives on scene.  Vehicle access 
requirements are specified in UFC 3-600-01, 2-10 as follows: 
The access from the road to the building must be paved and terminate no farther than 33 feet 
from the building. 
 The minimum unobstructed vertical clearance is 13 feet, 6 inches. 
The minimum unobstructed road width is 20 feet. 
The surface of access roads must provide all-weather driving capabilities and support the load 
of the fire apparatus.   
Turning radii on access roads must be determined by the AHJ. 
Dead ends on access roads are limited to 150 feet in length.  Lengths greater than this require 
an approved area for turning fire apparatus. 
The grade is limited to a slope that must be determined by the AHJ. 
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Figure 3: Site Access Arrangement 
 
 
  
 
PUBLIC WAY 
 EMERGENCY VEHICLE ACCESS 
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An approved water supply capable of supplying the required fire flow for fire protection must be 
provided and a water supply test must document the approval of the water supply system. 
 
The results of a fire hydrant flow test performed during the initial stages of building construction are 
shown in Figure 4.  The static and residual pressures were measured at the fire hydrant. 
 
Figure 4: Fire Hydrant Flow Test 
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3.5 Construction Type 
The CDC is Type IIB, Fire-Resistive construction.  The fire-resistive rating requirements for building 
elements are shown in Table 3. 
 
Table 3: Fire-Resistance Rating Requirements (IBC Table 601) 
 
3.6 Construction Images 
Figure 5: CDC Section A 
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Figure 6: CDC Section B 
 
 
4.0 Prescriptive-Based Design 
In Accordance with (IAW) NFPA 101, 4.4.2, a prescriptive-based approach to life safety design must meet 
requirements of Chapters 1-4, 6-11, and 16 of the Life Safety Code.  When specific requirements 
contained in Chapter 16 differ from general requirements contained in Chapters 1-4, 6-11, the 
requirements of Chapter 16 take precedence, (NFPA 101, 2009).   
 
UFC 4-470-14, Design: Child Development Centers is used in conjunction with NFPA 101.  The UFC 
contains additional requirements not found in NFPA 101.  Where requirements conflict between NFPA 
101 and UFC 4-740-14, the UFC takes precedence.   
4.1 Structural Fire Protection 
IAW UFC 4-740-14, Design: Child Development Centers, the only fire barriers required in the facility is 
the one-hour fire resistive barrier around the laundry room.  Per Standard Design requirements, the 
laundry room walls must extend to the roof deck.  Both the door to the laundry room and the required 
glass vision panel must have a 45 minute fire rating.  Additionally the door must be self-closing. (NFPA 
101, 16.3.2.1 & 8.3) 
 
While smoke barriers are not required, an automatic hold open device is required on the kitchen door 
leading to the corridor that will release upon activation of the fire alarm system.   
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Table 4 shows the fire-rating requirements for different occupancy separations within the CDC. 
Table 4: CDC Occupancy Separation 
Occupancy Separation Minimum Fire-Rating 
Laundry Room 1 hour 
 
Smoke/Fire Dampers 
Smoke and Fire dampers are not required IAW NFPA 90B.  Fire/Smoke dampers are not permitted in any 
area not required by code.  Excess fire protection features, those not specifically required by code, are 
not permitted in AF facilities.  These add an unnecessary construction and maintenance cost to the 
facility. 
 
Appendix A shows the floor plans and fire-resistance ratings between occupancy boundaries. 
 
Interior Finish 
Interior finish in the CDC must comply with Section 16.3.3 and Section 10.2 of the Life Safety Code, 2009 
edition.  Interior wall and ceiling finish material must be Class A in corridors and lobbies.  In all other 
occupied spaces interior finish must be Class A or Class B. 
 
Class A, Class B and Class C interior wall or ceiling finishes are classified based on test results from the 
following codes: 
 
 NFPA 255, Standard Method of Test of Surface Burning Characteristics of Building Materials 
 ASTM E 84, Standard Test Method of Surface Burning Characteristics of Building Materials 
 UL 723, Standard for Test of Surface Burning Characteristics of Building Materials 
 NFPA 286, Standard Methods of Fire Tests for Evaluating Contribution of Wall and Ceiling 
Interior Finish to Room Fire Growth 
 Flames cannot spread to the ceiling during the 40 kW exposure 
 During the 160 kW exposure, flames cannot spread to the outer extremities of the 
sample on the 8 x 12 foot wall and flashover cannot occur 
 The peak heat release rate throughout the test cannot exceed 800 kW 
 The total smoke release throughout the test cannot exceed 100   
 
Table 5 shows the flame spread and smoke development test requirements for Class A, Class B and Class 
C interior wall and ceiling finishes. 
 
Table 5: Flame Spread and Smoke Development 
Classification Flame Spread Smoke Development Notes 
Class A 0-25 0-450 No continued propagation of fire in any 
element thereof when tested 
Class B 26-75 0-450 N/A 
Class C 76-200 0-450 N/A 
Reference: NFPA 101, 2009, Section 10.2.3.4 
 
Artwork and teaching materials are not permitted to exceed 50% of the wall area.  This is an increase 
from 20% because the facility is protected by a complete automatic wet pipe sprinkler system (NFPA 
101, 16.7.4.3). 
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Interior Floor Finish Testing and Classification 
Interior floor finishes must not be less than Class II interior floor finish characterized by a critical radiant 
flux not less than 0.22 W/    but less than 0.45 W/   .  Floor coverings, other than carpet where 
10.2.2.2 establishes requirements for fire performance, are required to have a minimum critical radiant 
flux of 0.1 W/cm2.  The CDC has carpet, tile, and resilient flooring IAW NFPA 101, 16.3.3.3. 
 
Building Services 
The CDC must comply with Section 16.5 of the Life Safety Code, 2009 edition, which includes building 
services for utilities and heating, ventilating and air-conditioning services.   
Table 6 shows the NFPA code required for different building services. 
 
Table 6: Building Service Code Requirements 
Utilities Required Code 
Gas, related gas piping NFPA 54, National Fuel Gas Code, or NFPA 58, Liquefied Petroleum Gas Code 
Electrical wiring and 
equipment 
NFPA 70, National Electrical Code 
Heating, Ventilating, and 
Air-Conditioning 
NFPA 90A, Standard for the Installation of Air-Conditioning and 
Ventilating Systems, NFPA 90B, Standard for the Installation of 
Warm Air Heating and Air-Conditioning Systems, ASHRE, IMC 
Ventilating and heat-
producing equipment 
NFPA 91, Standard for Exhaust Systems for Air Conveying of Vapors, 
Gases, Mists, and Noncombustible Particulate Solids, NFPA 211, 
Standard for Chimneys, Fireplaces, Vents, and Solid Fuel–Burning Appliances, 
NFPA 31, Standard for the Installation of Oil-Burning 
Equipment, NFPA 54, National Fuel Gas Code, or NFPA 70, National 
Electrical Code 
NFPA 101, Chapter 9 
 
Fire Evacuation Plan 
IAW NFPA 101, chapter 16, section 4.7, and UFC 4-740-14, fire drills must be conducted at least once a 
month in an orderly manner.  During inclement weather, practice the use of horizontal exits where 
appropriate.  Drills should be held at both expected and unexpected times and all personnel must 
relocate to designated areas.  Written documentation of each drill must be maintained by the facility. 
 
CDC’s also follow a monthly AF inspection guide.  Fire drills may be performed/supervised by the fire 
department or a trained senior member of the CDC staff.  The fire alarm must be sounded for every 
alarm; however where trained to do so, the senior CDC staff may conduct and record the fire drill.  All 
fire drills must be accomplished practicing their primary exit directly from each child activity room (CAR).  
In inclement weather, those facilities with horizontal exits practice their fire drills by utilizing the 
horizontal exit in a fire scenario.  Those facilities built without a horizontal exit, but still are not able to 
exit to the designated evacuation location due to inclement weather, must still sound the alarm and line 
up at the door as if they were going to evacuate.  All staff must participate and perform duties as 
described in the attached fire evacuation plan. 
 
Additionally, in CDC’s, all children must be checked off the clipboard list as they exit the door directly to 
the outside from the CAR.  The care giver will not only count the number of children in their care upon 
exiting, they will perform a face-to-name check against the number of children signed in on the sign-in 
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sheet.  This will again be performed at the evacuation location.  Because the AF CDC’s exceed the Life 
Safety Code child-to-staff ratio, additional evacuation precautions have been built into the CDC.   
 
Every child occupied space has a door leading directly to the outside.  The door leading directly to the 
outside has an automatic hold open device that is integral to the door closer.  This is to allow the door to 
hold open so that care givers can easily evacuate cribs and other wheeled devices.  All cribs must have 4 
inch wheels and meet the U.S. Consumer Product Safety Commission (CPSC) crib standards as of 2011.  
All children under the age of two must evacuate using a wheeled device (crib, bye-bye buggies, wagons, 
etc…).  At no time will any children be carried.  All CAR doors leading directly to the outside will open to 
a smooth-paved evacuation path leading to an evacuation location that is at least 75 feet from the 
facility.   
 
All CARs will have immediate reentry.  Doors must either immediately open by pull of the care giver 
once closed or a key must be attached to the care givers clip board that will immediately unlock the 
door.  The purpose of the immediate reentry is so that if the care giver accidently closes the door before 
every child is out or a child runs back in to get something, the caregiver can immediately reenter the 
same door and retrieve the child.  Upon activation of the fire alarm, the on duty supervisor will do a 
sweep of every room during all drills to look for any child that may have been left behind. 
 
4.2 Fire Detection, Alarm and Communication Systems 
The CDC is required to have a combination, addressable, Class B fire alarm/Mass Notification System 
(MNS).  The fire alarm system complies with Section 9.6 of the Life Safety Code, (NFPA 101, 2009, 
section 16) and it is designed to be installed, tested, and maintained IAW UFC 3-601-02, NFPA 72, 
National Fire Alarm Code, and NFPA 70, National Electrical Code. 
 
The requirements are as follows: 
 Alarm signal transmits directly to fire dispatch  
 Alarm notification via speakers and synchronized strobes 
 Temporal 3 signal, then female voice evacuation 
 Live voice capability to override pre-recorded messages 
 Sends supervisory signal to fire dispatch when MNS overrides fire alarm 
 Manual pull station at every exit door and CAR doors to the outside 
 Smoke detection in all areas greater than 20 sq. ft. except kitchen and spaces not climate 
controlled as defined in NFPA 72 
 Magnetic hold open on kitchen door to release upon fire alarm activation 
 Duct smoke detection IAW NFPA 90A 
 HVAC shutdown IAW UFC 4-010-01, DoD Minimum Antiterrorism Standards For Buildings 
 
If the fire alarm system is out of service for more than 4 hours in a 24-hour period, the AHJ, must be 
notified and the building must be evacuated or an approved fire watch be provided for all parties left 
unprotected by the shutdown until the fire alarm system has been returned to service. 
 
Signal Initiation 
The fire alarm system will initiate by manual means, operation of required smoke detectors, and 
required sprinkler systems.  Manual pull stations are provided in the natural exit access path near each 
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required exit from an area and at each door to the outside from each CAR.  Each manual pull station 
must be accessible, unobstructed and visible IAW NFPA 101 and NFPA 72.   
 
Smoke detection is provided in all spaces greater than 20 sq. feet except those spaces not climate 
controlled per UFC 4-740-14.  Smoke alarms in the CDC receive their operating power from the Fire 
Alarm Control Panel (FACP) which is powered by the building’s electrical system.   
Occupant Notification 
The fire alarm notification is required to be a chime sound.  A three alert tone chime will sound followed 
by a female voice evacuation system IAW UFC 4-740-14. 
 
A MNS is installed with a Local Operating Console (LOC) located behind the front desk.  The MNS 
notification appliances are amber in color and must be labeled with the word “Alert”.  MNS strobes are 
located in all spaces in conjunction with fire alarm notification appliances (strobes). 
 
Wiring 
All building wiring systems, to include the fire alarm, will use 480Y/277 volts to the maximum extent 
possible.  All wiring is in metal conduit and is concealed above ceiling, under floor, or in walls.  No 
exposed conduit or piping is permitted on exterior building surfaces. 
 
Carbon Monoxide Detection System  
Provide a protected premises carbon monoxide detection system in accordance with NFPA 720 for each 
building provided with natural gas at the facility.  While this is a standard design building layout, the 
type of utilities depend on the specific AFB location.  The carbon monoxide system includes the 
following required features: 
• Automatic carbon monoxide alarm signal initiation. 
• Notification of carbon monoxide alarms to building occupants using the audible and visual appliances 
of the mass notification system. 
• Transmission of carbon monoxide alarms to the Base Fire Department as a supervisory signal in 
accordance with NFPA 72. 
• Transmission of carbon monoxide detection system trouble and supervisory signals to the Base Fire 
Department in accordance with NFPA 72. 
• Combination-type carbon monoxide detection systems that are integrated in 
operation with the building mass notification system and fire alarm system, and that meet the 
requirements of NFPA 72 for combination systems. 
• Class B initiating device circuits, notification appliance circuits, and signaling line circuits. 
• Carbon monoxide detectors installed in accordance with the manufacturer’s published instructions on 
the ceiling in the same room as all permanently installed fuel-burning appliances. Also provide at least 
one carbon monoxide detector centrally located within the building when the building is provided with a 
one-zone HVAC system. Provide at least one detector centrally located in each 
HVAC zone when more than one HVAC zone is provided in the building. 
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Table 7 shows the sequence of operations matrix for the fire alarm system.  
 
Table 7: Sequence of Operations Matrix 
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System Specifications 
Table 8 shows an image of some of the typical devices and describes the specifications used in the Fire 
Alarm and Voice Evacuation System found in the CDC.  Many manufactures meet the requirements, 
these are only examples.  Every AF base may have a different manufacturer.   
 
Table 8: System Specifications 
Device Specifications Picture 
Fire Alarm 
Control Panel 
(FACP) 
The ECC-50/100 and ECC-50/100E are multipurpose 
emergency voice evacuation panels that may be used for 
fire applications, mass notification applications or both. 
These state-of the-art Primary Operator Console’s (POC’s) 
are capable of producing either 50 or 100 watts of audio 
power that can be distributed to up to eight speaker 
circuits  Integral supervised microphone.  
UL 2572 
Local Operating 
Console (LOC) 
The ECC-LOC is an optional Local Operator Console that is 
compatible with the ECC-50/100(E) Emergency Command 
Center for fire protection applications and mass 
notification. It is part of the family of external remote 
consoles that allows for extending the ECC-50/100(E) 
display and control to remote locations within a building.   
 
UL 2572 
Smoke Detector Fire-Lite's CP355 addressable, low-profile, plug-in 
ionization detector uses a ionization sensing chamber to 
provide open-area protection  The ionization detector is 
used to sense products of combustion and report the 
measured level to the panel. 
 
UL Listed: S1059 
 
Duct Smoke 
Detector 
Intelligent Non-relay Photoelectric Duct Smoke Detector.  
Photoelectric, integrated low-flow technology, air velocity 
rating from 300 ft/min to 4000 ft/min, operating 
temperature (-4  to 158 ) and humidity (0% to 95% 
non-condensing).  Remote testing capability requires com 
line power only. 
 
UL Listed: 2911 
FM Approved 
Manual Pull 
Station 
Duel action addressable manual pull station. 
 
 
UL S711 
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Magnetic Door 
Holder 
Image shown is a typical magnetic door holder. 
 
Water Flow 
Switch 
Image shown is a typical water flow switch. 
 
Chime/Strobe Image shown is a typical combination fire alarm/MNS 
strobe. 
 
 
 
Inspection, Testing and Maintenance  
Inspection, Testing, and Maintenance (ITM) is IAW UFC 3-601-02 and NFPA 72.   
 
Personnel 
IAW UFC 3-601-02, ITM tasks may only be performed by craftspersons trained or qualified in the 
maintenance and repair of the specific fire protection system or subsystem.  “Trained or qualified” 
personnel are only permitted perform ITM and repair tasks only on the systems for which they have 
been specifically qualified.  Trained or qualified personnel may supervise other less qualified personnel 
in the execution of the tasks covered in the UFC, however, at no time are apprentice-level craftspersons 
permitted to execute the ITM tasks in the UFC without a qualified supervisor on site.  Generally 
accepted qualifications include: 
 
 Craftspersons completing the Fire Suppression Systems Maintenance course (J3AZR3E451 01FA, 
https://webm.sheppard.af.mil/sirs/default.html ) at the Technical Training Center, Sheppard Air 
Force Base, Texas. 
 Craftspersons completing the Fire Alarm Systems Maintenance course (J3AZR3E051 012, 
https://webm.sheppard.af.mil/sirs/default.html). 
 Craftspersons with other recognized journeyman or craftsman-level qualifications for fire 
protection systems, such as National Institute for Certification in Engineering Technologies 
(NICET) (Level III certification in Fire Alarm Systems, Inspection and Testing of Water-Based 
Systems, or Special Hazard Suppression Systems), or formalized labor organization-based 
journeyman training, or similar programs. 
 Craftspersons holding a valid, current qualification or license from any state (or local jurisdiction 
if delegated authority by the state). 
 
Test Methods 
ITM are done IAW UFC 3-601-02, operation and maintenance; inspection, testing, and maintenance of 
fire protection systems and UFC 4-021-01, design and O&M: mass notification systems.  Initial 
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acceptance testing is done IAW NFPA 72.  Testing and maintenance forms are found in NFPA 72 for 
reference.  All records are kept by the base Civil Engineering shops.   
 
Table 9: Testing Frequency Requirements IAW UFC 3-601-02. 
Frequency Component Tasks 
Monthly 1. Control Panels and 
Annunciator Equipment 
(unmonitored only) 
1.  Inspect panel condition (connections, 
fuses, light-emitting diodes [LED]). 
Annual 1. Control Panel and 
Annunciator Equipment 
(monitored) 
1. Test to verify proper receipt of alarm, 
supervisory, and trouble signals 
(inputs) and operation of notification 
appliances and auxiliary functions 
(outputs). 
2. Verify that all lamps and LEDs are 
illuminated. 
3. Load test backup batteries (when 
provided). 
 2. Initiating Devices: 
a. Manual Fire Alarm 
Stations 
1.  Verify station is accessible 
(visual). 
 b. Radiant Energy 
Detectors (Optical 
Detectors) 
1. Test to verify alarm initiation and 
receipt. 
2. Verify no facility change that 
affects performance. 
 c.  Gas Detectors 1. Test to verify alarm initiation and 
receipt. 
2. Verify no facility change that 
affects performance. 
 3. Notification Appliances and 
Voice Communication 
(telephone, speakers, horns, 
and strobe lights) 
1.  Test to verify operability. 
 4. Digital Alarm 
Transmitters and 
Receivers 
1.  Test to verify operability. 
2 Years 1. Initiating Devices: 
 
a. Manual Fire Alarm 
Stations 
 
 
1. Operate to verify alarm receipt. 
 b.  Heat Detectors 
(restorable) 
(Remove devices 
not required by UFC 
3-600-01.) 
1. Test with a heat source to verify 
alarm initiating and receipt. 
2. Verify no facility change that 
affects performance. 
FIRE AND LIFE SAFETY ANALYSIS FOR THE AF CHILD DEVELOPMENT CENTER STANDARD DESIGN 
26 
June 12, 2014 
 c.  Smoke Detectors 
(single-station 
detectors, system 
detectors, and air 
sampling detectors) 
(Remove devices 
not required by 
UFC 3-600-01 or 
other directives.) 
1. Test with manufacturer-approved 
smoke simulant to verify smoke entry 
and alarm initiation and receipt. 
2. Verify no facility change that 
affects performance. 
 d.  Supervisory Devices 
(low air pressure, 
temperature, water 
level) 
1. Test to verify initiation and receipt of 
supervisory alarm. 
5 Years 1. Smoke Detectors 
(Remove devices 
not required by UFC 
3-600-01.) 
1. Test detector sensitivity to ensure that the 
detector has remained within its listed and 
marked sensitivity range (or 4 percent 
obscuration light gray smoke, if not marked). 
As Part of 
Building 
Inspection 
Entire System 1. Visually check: 
a. Detectors unblocked and 
uncovered. 
b. Panels secured and indicator 
lamps functional. 
c. Notification appliances in 
place. 
d. Manual stations in place and 
unobstructed. 
2. Exercise evacuation notification 
appliances for audibility, clarity, and 
visibility. 
 
4.3 Fire Suppression Systems 
The CDC is protected by a complete automatic wet pipe sprinkler system with quick response sprinkler 
heads.   
 
Design Criteria and Water Supply 
Table 10 provides the design criteria and water supply requirements for the CDC using hydraulic 
calculations based on UFC 3-600-01, 2009 edition, criteria: 
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Table 10: Sprinkler System Design Criteria 
 
 
Sprinkler system is installed IAW UFC 3-600-01, UFC 4-740-14, and NFPA 13.  
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Risers, Cross-Mains and Branch Lines 
The CDC contains one riser, located in the mechanical room with exterior door access.  The fire hydrant 
is located within 150 feet from the Fire Department Connection (FDC) IAW UFC 3-600-01. 
 
Figure 7: Location of Riser, Cross Mains, Branch Lines 
 
 
 
 
 
 
REMOVED FOR SECURITY REASONS 
 
 
 
 
 
 
 
 
 
 
The typical cross-mains measure 2 ½ inches diameter pipe; branch-line diameters vary depending on 
area of protection and distance from cross-main.  Sprinkler head types include: 
 Recessed Pendent Sprinkler 
 Pendent Sprinkler 
 Upright Sprinkler 
 Horizontal Sidewall Sprinkler 
 
Appendix E and F shows the sprinkler design floor plan and includes remote area calculations and 
hydraulic calculations.   
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Wet Chemical Fire Suppression System 
A Wet Chemical fire suppression system is installed in the kitchen to protect the cooking equipment IAW 
NFPA 96.  All power and natural gas is shut off during a fire alarm to all kitchen equipment located under 
the grease hood. 
 
Table 11: Wet Chemical Fire Suppression System 
 
 
Fire Extinguishers 
A Class K fire extinguisher is provided in the kitchen IAW NFPA 96 and NFPA 10.  The fire extinguisher is 
in a recessed fire extinguisher cabinet meeting all mounting requirements per NFPA 10.  No other fire 
extinguishers are required/permitted in the CDC. 
 
4.4 Egress Analysis 
An egress analysis evaluates the evacuation performance of buildings.  The CDC is evaluated IAW UFC 4-
740-14 and Chapter 16 of the Life Safety Code.  Egress requirements for the CDC are based on day care 
occupancy, ordinary hazard’s contents, and a building occupant load of 452 persons as described below. 
 
Occupancy Classification  
The CDC is a day care occupancy IAW NFPA 101. 
 
Hazard of Contents 
The CDC is classified as an ordinary hazard building.  Ordinary hazard contents are those that are likely 
to burn with moderate rapidity or to give off a considerable volume of smoke, (NFPA 101, 2009 edition, 
section 16.1.5 and section 6.2.2.3). 
 
Occupancy Loads (OL) 
The CDC occupant load is limited by the AF limitation on number of child ratios per room.  Two child 
ratios per room are permitted for each age group. 
 
Table 12 evaluates OL and compares it to the NFPA allowable OL. 
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Table 12: OL Comparison 
 
 
Egress Components 
The following additional egress requirements are IAW UFC 4-740-14: 
 all child activity rooms (CAR) required to have doors to outside 
 must be 36 inches wide  
 must provide 34 inch clear width 
 full-width, flush type panic hardware 
 means for immediate reentry  
 hold-open device built into closer 
 corridors are required to be between 6.5 and 8 feet wide 
 
Egress Capacity 
Egress capacity for the CDC is based on the egress width requirements for buildings with a sprinkler 
systems.  The CDC must maintain an egress capacity of 0.2 inches per occupant for level components 
and ramps (NFPA 101, Table 7.3.3.1).  Additional requirements to provide a corridor width between 6.5 
feet and 8 feet is in place because the CDC has a requirement to provide a “home like feel”.  The extra 
corridor width allows them to place furniture in the corridors. 
 
Number of Exits 
At least two exits are required and dead ends are not permitted.  Doors to the outside are required from 
every CAR.  Exits are located at the end of each corridor and the main entrance/exit doors IAW NFPA 
101. 
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Arrangement of Means of Egress 
Means of egress in the CDC is in compliance with NFPA 101, section 7.5.  There are no dead-end 
corridors and the common path of travel does not exceed 100 feet, (NFPA 101, section 16.2.5). 
 
Travel Distance to Exits 
Travel distance between any room door intended as an exit access and an exit does not exceed 100 feet, 
travel distance between any point in a room and an exit does not exceed 150 feet, and the travel 
distance between any point in a CAR (sleeping room) and the exit access door in that room does not 
exceed 50 feet IAW NFPA 101, 16.2.6. 
 
Discharge from Exits 
Exit discharge from the CDC complies with the NFPA 101, section 16.2.7 and UFC 4-740-14.  All CDC exits 
terminate at an exterior exit discharge that leads directly to a public way.  The evacuation pads are at 
least 75 feet from the building, connect to the public way, and are located so that children may be 
picked up in a vehicle.   
 
Illumination of Means of Egress 
Means of egress in the CDC complies with NFPA 101, sections 16.2.8 and 7.8.  Means of egress is 
illuminated for all, aisles, corridors, ramps, passageways and walkways leading to an exit and/or public 
way during the time of building use.  The CDC is occupied from 6:00 a.m. till 6:00 p.m. 
 
The lights are required to be in the on position during hour of operation in all spaces throughout the 
facility IAW child abuse prevention regulations. 
 
The illumination requirement is arranged throughout the CDC so that the failure of any single lighting 
unit does not result in an illumination level of less than 0.2 foot-candle (2.2 lux) in any designated area.  
Illumination of means of egress must be considered reliable by the AHJ.  Battery-operated electric lights 
and other types of portable lamps or lanterns may not be used for primary illumination of the means of 
egress.   
 
Emergency Lighting 
Emergency lighting complies with NFPA 101,section 7.9 and is provided in the center of each CAR and 
above the front desk IAW UFC 4-740-14.  Emergency illumination must be provided for at least 1 ½ 
hours in the event of failure of normal lighting with not less than an average of 1 foot-candle (10.8 lux) 
and, at any point, not less than 0.1 foot-candle (1.1 lux), measured along the path of egress at floor 
level. 
 
Inspection, Testing and Maintenance 
Emergency lighting systems are visually inspected for operation every 30 days IAW NFPA 101, 2009, 
section 7.10.9.1.  The functional test demonstrates that the emergency lighting equipment is fully 
operational for the duration of the test and written records of visual inspection and tests are kept by 
Civil Engineering (CE) or facility managers for inspection by the local AHJ, NFPA 101, 2009, section 
7.9.3.1.1(1).   
 
Marking of Means of Egress 
Light emitting diode (LED) exit signs are located at the front entrance/exit doors and all corridor exit 
doors.  They must be located in corridors every 100 feet, however, are not required at the doors leading 
to the outside from the CARs per UFC 4-740-14.  This is because those doors are considered “doors to 
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the outside” and building occupants are expected to be familiar with these doors more so than the front 
entrance/exit doors of the facility.  The doors leading to the outside from each CAR are the doors both 
children and adults go in and out of several times a day to access the playground and also use once a 
month for the fire drill.  Exit signs must be mounted IWW NFPA 101, 2009, section 7.10.1.9. 
 
The tactile signage for exit signs must comply with ICC/ANSI A117.1, American National Standard for 
Accessible and Usable Buildings and Facilities, NFPA 101, 2009, section 7.10.1.     
 
4.5 Electrical Requirements 
All electrical installation must follow NFPA 70, National Electric Code.  IAW UFC 4-740-14, section 7-
2.4.1.10, all outlets accessible to children, including the corridors are mounted at 54 inches AFF.  Outlets 
in child accessible areas, including the corridors, are tamper resistant type receptacles.  Removable caps 
or plugs do not meet this requirement.  The NFPA 70, 2011 edition requires all outlets in the facility to 
now be tamper resistant throughout the facility. 
5.0 Performance-Based Design 
A performance-based design method complies with UFC 3-600-01 if it can demonstrate to the 
satisfaction of the AHJ, a level of safety equivalent to the minimum applicable prescriptive requirements 
of the UFC. 
 
For purposes of this report, the Life Safety Code (2009 edition) and UFC 3-600-01 are used as a guideline 
for a performance-based approach.  A performance-based approach to life safety design must be in 
accordance with Chapters 1-5 of the Life Safety Code, (NFPA 101, 2009, section 4.4.3).  Chapter 5 
focuses on the performance-based approach to life safety design.   
 
Performance Criteria 
A performance-based design must prevent any occupant who is not intimate with ignition from being 
exposed to instantaneous or cumulative untenable conditions.  The primary objectives used to achieve 
this goal include protecting occupants, maintaining structural integrity and maintaining system reliability 
for the time needed to evacuate, relocate, or defend in place IAW NFPA 101, 2009, sections 5.2.2 and 
4.2.   
 
A performance-based design has means of egress requirements retained from the prescriptive 
requirements of NFPA 101, section 5.3.2.  The relevant requirements to the CDC are covered in section 
4.4 of this report, (NFPA 101, 2009, section 5.3). 
 
Design Specifications  
Design specifications and other conditions used in the performance-based design must be clearly stated 
and shown to be realistic and sustainable.  Design specifications must address assumptions and design 
specifications data, building characteristics, operational status and effectiveness of building features and 
systems, occupant characteristics, response characteristics, location, number of occupants, staff 
assistance, emergency response personnel, post-construction conditions, off-site conditions, and special 
provisions IAW NFPA 101, section 5.4. 
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Design Fire Scenarios 
NFPA 101 specifies a minimum of eight fire design scenarios to be included in the performance-based 
analysis.  This report analyzes three design fire scenarios that were developed in Fire Dynamics 
Simulator (FDS) and follows the guidance of the SFPE Engineering Guide to Performance-based Fire 
Protection Analysis and Design of Buildings. 
 
5.1 Design Fire Development  
Three design fire scenarios were developed to evaluate the effects of fire within the CARs and corridor 
space.  Each fire scenario was developed using the following assumptions: 
 Qualitative Hazard Analysis.  The peak fire growth rate or maximum heat release rate and 
duration of a fire within a given space is dependent upon the type, quantity and configuration of 
the materials within the space, as well as the effect of sprinklers.  This information was taken 
from a study on dryer fires conducted in Germany (see attachment).  A qualitative hazard 
analysis was performed to determine the expected range of fire scenarios.  Potential fuel sources 
and potential ignition sources were reviewed based upon representative materials and 
equipment within various areas where a performance-based approach was used.  Fuel sources 
were chosen based upon the potential for a developing fire to cause conditions where occupants 
or the structure may be threatened. 
 Heat Release Rate Curves.  The fire scenarios were quantified by using real fire data from fire 
tests sponsored by The European Flame Retardant Association (EFRA) of household appliances.   
 Maximum Heat Release Rate.  The maximum heat release rate was 540 kW 
  
FIRE AND LIFE SAFETY ANALYSIS FOR THE AF CHILD DEVELOPMENT CENTER STANDARD DESIGN 
34 
June 12, 2014 
 
Figure 8: The European Flame Retardant Association (EFRA) of Household Appliances Fire Data. 
 
 
Summary of Design Fire Scenarios 
 
Design Fire Scenario 1  
All three design fires were modeled with a fire to start in the laundry room, simulating a dryer fire.  The 
first was to show small gaps in the laundry room door to simulate the door closed and a fire rated 
laundry room with smoke detection in the laundry room as required per UFC 4-740-14.  The room 
dimensions were consistent with all three scenarios.  The Laundry room is 5 m by 5 m with a 3 m high 
ceiling.  The corridor is open on one end to simulate the smoke traveling down to the rest of the facility 
and is 55 meters long with ceilings 4 m high.  All CARs, storage room, and restroom have door gaps to 
simulate the doors are closed.  The fire is fuel-controlled, meaning the fire will burn until the fuel source 
is depleted. 
Design Fire Scenario 2  
The floor plan dimensions were the same as above with the exception that a full size door opening was 
programed in the FDS model to simulate the door being in the open position.  This was to simulate a 
non-fire rated laundry room.  All other design features from Design Fire Scenario 1 were the same. 
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Design Fire Scenario 3  
Design Fire Scenario 3 floor plan dimensions were the same as Design Fire Scenario 2, including the door 
to the laundry room in the open position.  The smoke detection was removed from the laundry room to 
determine how the evacuation time was affected by placement of smoke detection.  NFPA 101 does not 
require smoke detection in the laundry room; this is a UFC 4-740-14 requirement.   
 
Figure 9: Location of Design Fire Scenarios 
 
 
5.2 Tenability Criteria 
Providing appropriate tenability criteria ensures that the building occupants are not exposed to 
untenable conditions.  NFPA 101, Appendix A, Section A.5.2.2 provides different methods to avoid 
exposing occupants to untenable conditions and refers to the SFPE Engineering Guide to Performance-
Based Fire Protection Analysis and Design of Buildings to establish tenability limits. 
Table 13 shows the tenability criteria used to evaluate each fire scenario at a height 4.9 feet above 
occupied floor.  This height was chosen because most occupants are smaller than 4.9 feet. 
  
 
Scenario/Location                                  Fire Control 
Laundry room               Sprinklers/Rated  
     Construction (Door Closed) 
Laundry room            Sprinklers/Door Open 
Laundry room with & without smoke detection  Sprinklers 
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Table 13: Tenability Criteria  
Design Criteria Tenability Limit Justification 
Temperature Limit <140  (60℃) @ 4.9 ft. (1.5m) 
AFF 
NFPA HB, section 6, chpt 2  (teachers 
and children are not expected to be 
able to enter the corridor from a 
relatively cool classroom at 
temperatures above this) 
Visibility Limit <13 feet (4 meters) Jin, SFPE Handbook, Table 2-4.2.  
Assume building occupants are familiar 
with surroundings. 
Carbon Monoxide <1400 ppm SFPE HB section 2, chpt 6, Table 2-6.B1.  
The CO incapacitation levels from 
exposure for 30 minutes is between 
1400-1700 ppm.  The goal in the CDC 
would be to stay below the levels of 
incapacitation. 
 
Temperature, 140  (60℃) Limit  
The exposure to heat limit is 140  (60℃) for a smoke layer 6 feet (1.8 meters) above the walking 
surface.  Inhalation of air above 140  (60℃ ) can cause thermal burns to the respiratory tract.  Because 
this facility is primarily filled with children, the temperature at 4.9 feet (1.5 meters) was evaluated.  
Information provided in NFPA HB, section 6, chpt 2, reports teachers and children are not expected to 
be able to enter the corridor from a relatively cool classroom at temperatures above these limits.   
 
Visibility, 13 feet (4 meters) Limit 
If the smoke layer does not descend below 4.9 feet (1.5 meters) as stated in the tenability criteria, it is 
then assumed the corridor would still be passable for egress.  In the SFPE handbook it is reported that 4 
meters is typically used for occupants familiar with the building geometry.  Children are very familiar 
with the layout of their CAR and practice fire drills monthly.  There have been thousands of documented 
fire drills showing children as young as 12 months will line up at the door from the constant practice of 
not only monthly fire drills but lining up in the same manner several times a day for outside play. 
 
Carbon Monoxide, 1400 ppm/min Limit 
Toxic gases impair an individual's ability to self-evacuate by decreasing the amount of oxygen available, 
causing disorientation and possibly unconsciousness.  In building fires, the most common toxic gas is 
carbon monoxide (CO).  SFPE HB chpt 6, section 2, Table 2-6.B1  The CO incapacitation levels from 
exposure for 30 minutes is between 1400-1700 ppm for adults.  The goal in the CDC would be to stay 
below the levels of incapacitation.  The exposure limits used were for adults and not for children 
because children would not be expected to self-evacuate.    
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5.3 Required Safe Egress Time  
Overview 
The Required Safe Egress Time (RSET) is the predicted time necessary to evacuate a building or 
component.  The RSET area can be expressed as a combination of detection and notification time, pre-
movement time, action time and travel time, (Nelson, et. al., SFPE Handbook). 
 
RSET =    +    +    +    +         (Equation 2) 
 
where, 
    =  time from fire ignition to detection (detection time) 
   =  time from detection to notification of occupants of a fire emergency (notification time) 
   =  time from notification until occupants decide to take action (pre-movement time) 
   =  time from decision to take action until evacuation commences (action time) 
   =  time from the start of evacuation until it is completed (travel time) 
 
Figure 10 illustrates the sequence of occupant response to fire. 
 
Figure 10: Sequence of Occupant Response to Fire 
 
 
                                                                                                                                           
 
                                                                         RSET 
Reference: Proulx, SFPE Handbook, Figure 3-13.3  
 
Detection and Notification Time 
The detection time,    , and notification time,    , is the time from ignition to the time the occupants are 
aware of the fire and the need to evacuate.  It is assumed detection occurs when occupants become 
aware of smoke by either visual awareness or when the facility fire alarm system is activated through 
smoke detectors, sprinklers, or manual pull stations and the building alarm sounds.   
 
In the FDS design fire scenarios where smoke detection was located in the laundry room, smoke 
detection activation occurred at 7.88 seconds.  For purposes of this egress analysis, a detection and 
notification time of 8 seconds will be used.  Therefore, from Equation 2,    +    = 8 seconds.  It is 
believed that this would be a faster time than occupant notification through visual awareness or the 
smell of smoke for this type of fire. 
 
   RSET 
        ASET 
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Pre-Movement and Action Time 
Pre-movement time,   , and action time,    , is the time taken to perform activities that people are 
engaged in prior to actual evacuation of the area.  This includes gathering of children, clip boards, and 
evacuation bags.  The AF requirement is to be completely evacuated from the facility with 2 minutes 
(120 seconds).  In thousands of documented fire drills, it has been noted that CDCs evacuate in under 60 
seconds 90% of the time.   
 
The SFPE Handbook provides discussion regarding pre-movement times in various types of building for 
three different emergency notification scenarios.  Live directives using a voice communication system 
from a control room with closed-circuit television facility, or live directives in conjunction with well-
trained, uniformed staff that can be seen and heard by all occupants in the space, the estimated delay 
time to start evacuation is less than 60 seconds.  The CDC has both closed-circuit television in the facility 
and well trained, uniformed staff that can be seen and heard by all children in their CAR.  It is a CDC 
requirement that the child caregivers be able to see and/or hear the children at all times.  Therefore, 
from Equation 2,    +    = 60 (1 minute). 
 
Travel Time 
The occupant travel time was calculated using the hydraulic model of emergency egress from the SFPE 
Handbook.  Travel time,   , is the time from the start of evacuation until evacuation is complete.  The 
following conditions were assumed using research-based methods for predicting the flow of occupants 
in emergencies: all persons will start to evacuate at the same instant, occupant flow will not involve any 
interruptions caused by decisions of the individuals involved, and all or most of the persons involved are 
free of disabilities that would significantly impede their ability to keep up with the movement of the 
group. 
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The travel time for occupants to evacuate depends on the density of occupants in the space.  Figure 11 
shows the evacuation speed as a function of density. 
 
Figure 11: Evacuation Speed as a Function of Density 
 
Reference: Nelson, et. al., SFPE Handbook, Figure 3-13.3 
 
Figure 11 illustrates that a density less than 0.05 persons/square feet has a walking speed of 
approximately 235 ft/min for corridors, ramps, aisles and doorway exit routes.  The sloped lines in Figure 
11 represent a density greater than 0.05 persons/square feet but less than 0.35 persons/square feet.  If 
the population density exceeds about 0.35 persons/square feet, no movement will take place until 
enough of the crowd has passed from the crowded area to reduce the density.  Between the density 
limits of 0.05 and 0.35 persons/square feet the relationship between speed and density can be 
considered as a linear function.  The equation of this function is, (Nelson, et. al., SFPE Handbook): 
 
 S = k – akD        (Equation 3) 
 
 Where, 
 S = speed along the line of travel 
 D = density in persons/square feet 
 k = 275 (constant from SFPE Hbk. Sec. 3, Ch. 14, Table 3-14.2) 
 a = 2.86 (constant from SFPE Hbk. Sec. 3, Ch. 14) 
 
Table 14 calculates the travel time to evacuate the CAR space.  The density (D) is determined by dividing 
the occupant load by the area.  The walking speed is determined by converting the density into 
movement speed using Figure 11 and Equation 3.  The travel distance is given in Appendix C and is 
assumed to be the most remote location within the CAR.  The time to evacuate is calculated by dividing 
the travel distance by the walking speed of the occupants. 
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Table 14.  Travel Time,    
Occupant Load in 
CAR        
(persons) 
CAR Exit 
Area 
(Sq. Ft.) 
Density (D) 
(persons/ 
Sq. Ft.) 
Walking 
Speed 
(ft/min) 
Travel 
Distance 
(ft) 
Travel Time,    
to Evacuate  
(sec) 
26 1548 0.02 259 100 24 
  Calculate: 
Occupant 
load divided 
by CAR area  
Calculated: 
Equation 3 
Appendix C Calculated: 
Travel distance 
divided by 
Walking Speed 
of occupants 
 
Since the density is less than 0.05 persons/square feet, individuals will move at their own pace, 
independent of the speed of others, (Nelson, et. al., SFPE Handbook).  The walking speed associated 
with corridors, aisles and doorways is approximately 259 ft/min (Figure 11) in areas where the density is 
less than 0.05 persons/square feet.  
 
A Pathfinder model was constructed to simulate occupant travel times from the CAR for consistency 
with SFPE hydraulic model of emergency egress hand calculations.  The occupant load of the CAR space 
is consistent with the values listed in Table 14 above.  Details of the Pathfinder model are summarized in 
Appendix H. 
 
Total Evacuation Time 
Table 15 provides a summary of the total evacuation times for the CAR space.   
Table 15: Total Evacuation Times 
Equation 2: RSET =    +    +    +    +    
CAR Detection and 
Notification Time, 
   +    
(sec) 
Pre-movement 
and Action Time, 
    +    
(sec) 
Travel  
Time,  
   
(sec) 
RSET Total Time 
 
 
(sec) 
1.5 times 
RSET 
 
(sec) 
 8 60 24 92 138 
It should be noted that the total AF evacuation time for all occupants to completely be out of the facility 
is 120 seconds.  This would mean a RSET time of 128 seconds.  
FIRE AND LIFE SAFETY ANALYSIS FOR THE AF CHILD DEVELOPMENT CENTER STANDARD DESIGN 
41 
June 12, 2014 
5.4 Available Safe Egress Time  
The Available Safe Egress Time (ASET) represents the time from ignition until the CAR or corridor space 
becomes untenable.  The ASET was analyzed in the FDS model using three design fire scenarios.  The 
CDC was modeled consistent with the geometry of the building as currently designed.   
 
5.5 Results  
Table 16 provides a summary of the evacuation times for each floor and the duration for which 
tenability is maintained. 
Table 16: RSET vs. ASET 
Tenability RSET 
(seconds) 
ASET 
(seconds) 
PASS/FAIL  
Tenability Criteria 
Visibility (Door Closed) 138 330 PASS 
Temperature 138 330 PASS 
CO 138 330 PASS 
Visibility (Door Open) 138 140 PASS 
Temperature 138 140 PASS 
CO 138 140 PASS 
 
Figure 12 is the FDS model of Visibility at 330 s ≈ 4m (Laundry Room Door Closed) 
 
 
Figure 13 is the FDS model of Temperature at 330s ≈ 20°C (Laundry Room Door Closed) 
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Figure 14 is the FDS model of CO Level at 330s ≈ 0 ppm (Laundry Room Door Closed) 
 
 
Figure 15 is the FDS model of Visibility at 140 s ≈ 4m (Laundry Room Door Open) 
 
 
Figure 16 is the FDS model of Temperature at 140s ≈ 20°C (Laundry Room Door Open) 
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Figure 17 is the FDS model of CO Level at 140s ≈ 0 ppm (Laundry Room Door Open) 
 
 
6.0 Conclusion  
This report evaluates the tenability criteria to determine the differences in the laundry room door being 
opened verse closed and the affect having a smoke detector in the laundry room has on the evacuation 
time.  The tenability criteria were met both with and without the laundry room door however it greatly 
affected the amount of time occupants have to evacuate.  The smoke detector activation time greatly 
increased when a smoke detector is not placed in the laundry room even with the door open.  The 
smoke detection activation time with the detector in the laundry room was 7.88 seconds verse 41 
seconds activation time by the smoke detector in the corridor. 
7.0 Recommendations 
The following recommendations are based on the results of this fire and life safety analysis: 
1) Recommend the code continue to require the laundry room to be one-hour fire rated with a 45 
minute fire rated self-closing door.  The door being closed to the laundry room gave occupants 
190 seconds of additional time to pass through the corridor should it be needed. 
2) Recommend all CAR doors leading to the corridor be self-closing regardless of door leading to 
the outside from the CAR.  Currently NFPA 101 would only requires this if the corridor is 
required to be a smoke partition.   
3) Recommend NFPA 101 require smoke detection in all spaces greater than 20 sq. ft.  The smoke 
detector activation time was 33 seconds faster with a smoke detector located in the laundry 
room.  This was evaluated with the door open.  With the door in the closed position with no 
smoke detection located in the laundry room, the notification time is dependent on sprinkler 
activation.  NFPA 101 currently only requires smoke detection in the CAR, corridor, and break 
room spaces.   
4) Recommend additional money be spent to further develop FDS to allow the uploading of PDF 
documents along with drop down menus for ease of use.  This would promote greater use of 
this program within the FPE career field and lead to more performance based design.  Ceiling 
heights could be added in a drop down menu so that the three dimensional aspect can still be 
evaluated. 
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Appendix A: Fire-Resistance Ratings 
Figure A: Fire-Resistance Ratings 
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Appendix B: Occupancy Classifications 
Figure B: Occupancy Classifications 
REMOVED FOR SECURITY REASONS 
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Appendix C: Travel Distance to Exits 
Figure C: Travel Distance to Exits & Egress Capacity 
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Appendix D: Fire Detection Devices 
Figure D: Fire Detection Devices 
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Appendix E: Sprinkler Design Layout 
Figure E: Sprinkler Design Layout 
REMOVED FOR SECURITY REASONS  
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Appendix F: Sprinkler Hydraulic Calculations 
REMOVED FOR SECURITY REASONS 
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Appendix G: FDS File Input 
FDS Input File 
 
Sprinkler Activation 2.fds 
A program to evaluate the effects of varying input parameters on sprinkler activation 
 
&HEAD CHID='J'/ 
&TIME T_END=1300/ 
&DUMP RENDER_FILE='Sprinkler_Activation.ge1'/ 
&MESH ID='LR #1',         IJK=10,10,6, XB=11.00,16.00,13.0,8.00,0.00,3.00/ 
&MESH ID='STORAGE #2',    IJK=10,10,6, XB=16.00,21.0,13.00,8.00,0.00,3.00/ 
&MESH ID='RR #3',    IJK=4,10,6, XB=21.00,23.00,13.00,8.00,0.00,3.00/ 
&MESH ID='CAR1 #4',       IJK=22,24,6, XB=23.00,34.00,13.00,1.00,0.00,3.00/ 
&MESH ID='CAR2 #5',       IJK=22,24,6, XB=34.00,45.0,13.0,1.00,0.0,3.00/ 
&MESH ID='CAR3 #6',       IJK=22,24,6, XB=45.00,56.0,13.0,1.00,0.0,3.00/ 
&MESH ID='COR #7',        IJK=110,4,8 XB=1.00,56.0,15.00,13.0,0.0,4.00/ 
&MESH ID='CAR4 #8',       IJK=22,26,6, XB=23.00,34.0,15.00,28.00,0.0,3.00/ 
&MESH ID='CAR5 #9',       IJK=22,26,6, XB=34.00,45.0,15.00,28.00,0.0,3.00/ 
&MESH ID='CAR6 #10',      IJK=22,26,6, XB=45.00,56.0,15.00,28.00,0.0,3.00/ 
 
&REAC FUEL       = 'POLYURETHANE' 
      FYI        = 'C_6.3 H_7.1 N O_2.1, NFPA Handbook, Babrauskas' 
      SOOT_YIELD = 0.01 
      CO_YIELD   = 0.01 
      N          = 1.0 
      C          = 6.3 
      H          = 7.1 
      O          = 2.1  / 
 
&MATL ID='WALL BOARD', 
      FYI='Quintiere, Fire Behavior - NIST NRC Validation', 
      SPECIFIC_HEAT=2.85, 
      CONDUCTIVITY=0.1400, 
      DENSITY=640.00/ 
 
&SURF ID='Burner', RAMP_Q='tsquared', HRRPUA=181.2, COLOR='RED' / 
&RAMP ID='tsquared', T= 0.0, F=0.15 / 50 
&RAMP ID='tsquared', T= 100.0, F=0.33 / 100 
&RAMP ID='tsquared', T= 200.0, F=0.59 / 
&RAMP ID='tsquared', T= 300.0, F=0.92 / 
&RAMP ID='tsquared', T= 400.0, F=1.0 / 
&RAMP ID='tsquared', T= 500.0, F=0.92 / 
&RAMP ID='tsquared', T= 600.0, F=0.6 / 
&RAMP ID='tsquared', T= 700.0, F=0.45 / 
&RAMP ID='tsquared', T= 800.0, F=0.37 / 
&RAMP ID='tsquared', T= 900.0, F=0.31 / 
&RAMP ID='tsquared', T= 1000.0, F=0.25 / 
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&RAMP ID='tsquared', T= 1100.0, F=0.20 / 
&RAMP ID='tsquared', T= 1200.0, F=0.15 / 
 
&SURF ID='WALL BOARD', 
      RGB=146,202,166, 
      MATL_ID(1,1)='WALL BOARD', 
      MATL_MASS_FRACTION(1,1)=1.00, 
      THICKNESS(1)=0.2000/ 
 
&SURF ID='Fan', 
      RGB=51,51,204, 
      VOLUME_FLUX=10.00/ 
       
&SPEC ID='WATER VAPOR'/ 
&PART ID='water drops', SPEC_ID='WATER VAPOR', DIAMETER=750./  
 
/RTI = 50 (ms)^(1/2), activation temp 68.3 C, operating pressure 3.12 bar, cfactor = 1 (m/s)^(1/2), 
KFACTOR=80 
&PROP ID='Office', QUANTITY='SPRINKLER LINK TEMPERATURE', RTI=50.0, C_FACTOR=1.0, 
OPERATING_PRESSURE=3.12, K_FACTOR=80.0, ACTIVATION_TEMPERATURE=68.3, 
OFFSET=0.10,PART_ID='water drops', 
PARTICLE_VELOCITY=10., SPRAY_ANGLE=30.,80. /  
 
&DEVC ID='Spr_LR', XYZ= 14.00,10.00,3.00, PROP_ID='Office' /LR 
&DEVC ID='Spr_STORAGE', XYZ= 18.00,10.00,3.00, PROP_ID='Office' /STORAGE 
&DEVC ID='Spr_RR', XYZ= 22.00,10.00,3.00, PROP_ID='Office' /RR 
 
&DEVC ID='Spr_CAR1.1', XYZ= 24.50,10.00,3.00, PROP_ID='Office' /CAR1.1 
&DEVC ID='Spr_CAR1.2', XYZ= 24.50,7.00,3.00, PROP_ID='Office'  /CAR1.2 
&DEVC ID='Spr_CAR1.3', XYZ= 24.50,3.00,3.00, PROP_ID='Office'  /CAR1.3 
&DEVC ID='Spr_CAR1.4', XYZ= 29.00,10.00,3.00, PROP_ID='Office' /CAR1.4 
&DEVC ID='Spr_CAR1.5', XYZ= 29.00,7.00,3.00, PROP_ID='Office'  /CAR1.5 
&DEVC ID='Spr_CAR1.6', XYZ= 29.00,3.00,3.00, PROP_ID='Office'  /CAR1.6 
&DEVC ID='Spr_CAR1.7', XYZ= 33.50,10.00,3.00, PROP_ID='Office' /CAR1.7 
&DEVC ID='Spr_CAR1.8', XYZ= 33.50,7.00,3.00, PROP_ID='Office'  /CAR1.8 
&DEVC ID='Spr_CAR1.9', XYZ= 33.50,3.00,3.00, PROP_ID='Office'  /CAR1.9 
 
&DEVC ID='Spr_CAR2.1', XYZ= 35.50,10.00,3.00, PROP_ID='Office' /CAR2.1 
&DEVC ID='Spr_CAR2.2', XYZ= 35.50,7.00,3.00, PROP_ID='Office'  /CAR2.2 
&DEVC ID='Spr_CAR2.3', XYZ= 35.50,3.00,3.00, PROP_ID='Office'  /CAR2.3 
&DEVC ID='Spr_CAR2.4', XYZ= 39.00,10.00,3.00, PROP_ID='Office' /CAR2.4 
&DEVC ID='Spr_CAR2.5', XYZ= 39.00,7.00,3.00, PROP_ID='Office'  /CAR2.5 
&DEVC ID='Spr_CAR2.6', XYZ= 39.00,3.00,3.00, PROP_ID='Office'  /CAR2.6 
&DEVC ID='Spr_CAR2.7', XYZ= 43.50,10.00,3.00, PROP_ID='Office' /CAR2.7 
&DEVC ID='Spr_CAR2.8', XYZ= 43.50,7.00,3.00, PROP_ID='Office'  /CAR2.8 
&DEVC ID='Spr_CAR2.9', XYZ= 43.50,3.00,3.00, PROP_ID='Office'  /CAR2.9 
 
&DEVC ID='Spr_CAR3.1', XYZ= 46.50,10.00,3.00, PROP_ID='Office' /CAR3.1 
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&DEVC ID='Spr_CAR3.2', XYZ= 46.50,7.00,3.00, PROP_ID='Office'  /CAR3.2 
&DEVC ID='Spr_CAR3.3', XYZ= 46.50,3.00,3.00, PROP_ID='Office'  /CAR3.3 
&DEVC ID='Spr_CAR3.4', XYZ= 50.00,10.00,3.00, PROP_ID='Office' /CAR3.4 
&DEVC ID='Spr_CAR3.5', XYZ= 50.00,7.00,3.00, PROP_ID='Office'  /CAR3.5 
&DEVC ID='Spr_CAR3.6', XYZ= 50.00,3.00,3.00, PROP_ID='Office'  /CAR3.6 
&DEVC ID='Spr_CAR3.7', XYZ= 54.50,10.00,3.00, PROP_ID='Office' /CAR3.7 
&DEVC ID='Spr_CAR3.8', XYZ= 54.50,7.00,3.00, PROP_ID='Office'  /CAR3.8 
&DEVC ID='Spr_CAR3.9', XYZ= 54.50,3.00,3.00, PROP_ID='Office'  /CAR3.9 
 
&DEVC ID='Spr_COR1', XYZ= 51.50,14.00,4.00, PROP_ID='Office' / COR1 
&DEVC ID='Spr_COR2', XYZ= 47.00,14.00,4.00, PROP_ID='Office' /COR2 
&DEVC ID='Spr_COR3', XYZ= 42.50,14.00,4.00, PROP_ID='Office' /COR3 
&DEVC ID='Spr_COR4', XYZ= 38.00,14.00,4.00, PROP_ID='Office' /COR4 
&DEVC ID='Spr_COR5', XYZ= 33.5,14.00,4.00, PROP_ID='Office' /COR5 
&DEVC ID='Spr_COR6', XYZ= 29.00,14.00,4.00, PROP_ID='Office' /COR6 
&DEVC ID='Spr_COR7', XYZ= 24.5,14.00,4.00, PROP_ID='Office' /COR7 
&DEVC ID='Spr_COR8', XYZ= 20.00,14.00,4.00, PROP_ID='Office' /COR8 
&DEVC ID='Spr_COR9', XYZ= 15.50,14.00,4.00, PROP_ID='Office' /COR9 
&DEVC ID='Spr_COR10', XYZ= 11.00,14.00,4.00, PROP_ID='Office' /COR10 
&DEVC ID='Spr_COR11', XYZ= 38.00,14.00,4.00, PROP_ID='Office' /COR11 
&DEVC ID='Spr_COR12', XYZ= 6.50,14.00,4.00, PROP_ID='Office' /COR12 
&DEVC ID='Spr_COR13', XYZ= 2.00,14.00,4.00, PROP_ID='Office' /COR13 
 
&HOLE XB=11.00,11.8,12.90,13.10,0.20,0.30/LR DOOR GAP 
&HOLE XB=32.00,32.8,12.90,13.10,0.20,0.30/CAR1 DOOR GAP 
&HOLE XB=35.00,35.8,12.90,13.10,0.20,0.30/CAR2 DOOR GAP 
&HOLE XB=46.00,46.8,12.90,13.10,0.20,0.30/CAR3 DOOR GAP 
&HOLE XB=32.00,32.8,14.90,15.10,0.20,0.30/CAR4 DOOR GAP 
&HOLE XB=35.00,35.8,14.90,15.10,0.20,0.30/CAR5 DOOR GAP 
&HOLE XB=46.00,46.8,14.90,15.10,0.20,0.30/CAR6 DOOR GAP 
&HOLE XB=-.90,1.10,15.10,13.10,0.200,3.0, COLOR='RED'/CORRIDOR OPEN END TO CDC 
&HOLE XB=55.90,56.1,14.00,14.8,0.20,0.30/CORRIDOR EXTERIOR DOOR GAP 
 
&DEVC ID='Spr_CAR4.1', XYZ= 24.50,18.00,3.00, PROP_ID='Office' /CAR4.1 
&DEVC ID='Spr_CAR4.2', XYZ= 24.50,21.00,3.00, PROP_ID='Office' /CAR4.2 
&DEVC ID='Spr_CAR4.3', XYZ= 24.50,24.00,3.00, PROP_ID='Office' /CAR4.3 
&DEVC ID='Spr_CAR4.4', XYZ= 29.00,18.00,3.00, PROP_ID='Office' /CAR4.4 
&DEVC ID='Spr_CAR4.5', XYZ= 29.00,21.00,3.00, PROP_ID='Office' /CAR4.5 
&DEVC ID='Spr_CAR4.6', XYZ= 29.00,24.00,3.00, PROP_ID='Office' /CAR4.6 
&DEVC ID='Spr_CAR4.7', XYZ= 33.50,18.00,3.00, PROP_ID='Office' /CAR4.7 
&DEVC ID='Spr_CAR4.8', XYZ= 33.50,21.00,3.00, PROP_ID='Office' /CAR4.8 
&DEVC ID='Spr_CAR4.9', XYZ= 33.50,24.00,3.00, PROP_ID='Office' /CAR4.9 
 
&DEVC ID='Spr_CAR5.1', XYZ= 35.50,18.00,3.00, PROP_ID='Office' /CAR5.1 
&DEVC ID='Spr_CAR5.2', XYZ= 35.50,21.00,3.00, PROP_ID='Office' /CAR5.2 
&DEVC ID='Spr_CAR5.3', XYZ= 35.50,24.00,3.00, PROP_ID='Office' /CAR5.3 
&DEVC ID='Spr_CAR5.4', XYZ= 39.00,18.00,3.00, PROP_ID='Office' /CAR5.4 
&DEVC ID='Spr_CAR5.5', XYZ= 39.00,21.00,3.00, PROP_ID='Office' /CAR5.5 
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&DEVC ID='Spr_CAR5.6', XYZ= 39.00,24.00,3.00, PROP_ID='Office' /CAR5.6 
&DEVC ID='Spr_CAR5.7', XYZ= 43.50,18.00,3.00, PROP_ID='Office' /CAR5.7 
&DEVC ID='Spr_CAR5.8', XYZ= 43.50,21.00,3.00, PROP_ID='Office' /CAR5.8 
&DEVC ID='Spr_CAR5.9', XYZ= 43.50,24.00,3.00, PROP_ID='Office' /CAR5.9  
 
&DEVC ID='Spr_CAR6.1', XYZ= 46.50,18.00,3.00, PROP_ID='Office' /CAR6.1 
&DEVC ID='Spr_CAR6.2', XYZ= 46.50,21.00,3.00, PROP_ID='Office' /CAR6.2 
&DEVC ID='Spr_CAR6.3', XYZ= 46.50,24.00,3.00, PROP_ID='Office' /CAR6.3 
&DEVC ID='Spr_CAR6.4', XYZ= 50.00,18.00,3.00, PROP_ID='Office' /CAR6.4 
&DEVC ID='Spr_CAR6.5', XYZ= 50.00,21.00,3.00, PROP_ID='Office' /CAR6.5 
&DEVC ID='Spr_CAR6.6', XYZ= 50.00,24.00,3.00, PROP_ID='Office' /CAR6.6 
&DEVC ID='Spr_CAR6.7', XYZ= 54.50,18.00,3.00, PROP_ID='Office' /CAR6.7 
&DEVC ID='Spr_CAR6.8', XYZ= 54.50,21.00,3.00, PROP_ID='Office' /CAR6.8 
&DEVC ID='Spr_CAR6.9', XYZ= 54.50,24.00,3.00, PROP_ID='Office' /CAR6.9 
 
&PROP ID='Cleary Ionization I1', QUANTITY='CHAMBER OBSCURATION', ALPHA_E=2.50, BETA_E=-0.70, 
ALPHA_C=0.80, BETA_C=-0.90/ 
&DEVC ID='LR', PROP_ID='Cleary Ionization I1', XYZ=14.00,11.00,3.00, LATCH=.FALSE./LR 
&DEVC ID='sTORAGE', PROP_ID='Cleary Ionization I1', XYZ=18.00,11.00,3.00, LATCH=.FALSE./ STORAGE 
&DEVC ID='RR I1', PROP_ID='Cleary Ionization I1', XYZ=22.00,11.00,3.00, LATCH=.FALSE./ RR 
 
&DEVC ID='CAR1.1', PROP_ID='Cleary Ionization I1', XYZ=28.00,11.00,3.00, LATCH=.FALSE./ CAR1.1 
&DEVC ID='CAR1.2', PROP_ID='Cleary Ionization I1', XYZ=28.00,3.00,3.00, LATCH=.FALSE./ CAR1.2 
&DEVC ID='CAR2.1', PROP_ID='Cleary Ionization I1', XYZ=39.00,11.00,3.00, LATCH=.FALSE./ CAR2.1 
&DEVC ID='CAR2.2', PROP_ID='Cleary Ionization I1', XYZ=39.00,3.00,3.00, LATCH=.FALSE./ CAR2.2 
&DEVC ID='CAR3.1', PROP_ID='Cleary Ionization I1', XYZ=50.00,11.00,3.00, LATCH=.FALSE./ CAR3.1 
&DEVC ID='CAR3.2', PROP_ID='Cleary Ionization I1', XYZ=50.00,3.00,3.00, LATCH=.FALSE./ CAR3.2 
 
&DEVC ID='Cor1', PROP_ID='Cleary Ionization I1', XYZ=52.0,14.00,4.00, LATCH=.FALSE./ Cor1 
&DEVC ID='COR2', PROP_ID='Cleary Ionization I1', XYZ=40.00,14.00,4.00, LATCH=.FALSE./ COR2 
&DEVC ID='COR3', PROP_ID='Cleary Ionization I1', XYZ=28.00,14.00,4.00, LATCH=.FALSE./ COR3 
&DEVC ID='COR4', PROP_ID='Cleary Ionization I1', XYZ=16.00,14.00,4.00, LATCH=.FALSE./ COR4 
&DEVC ID='COR5', PROP_ID='Cleary Ionization I1', XYZ=4.00,14.00,4.00, LATCH=.FALSE./ COR5 
 
&DEVC ID='CAR4.1', PROP_ID='Cleary Ionization I1', XYZ=28.00,17.00,3.00, LATCH=.FALSE./ CAR4.1 
&DEVC ID='CAR4.2', PROP_ID='Cleary Ionization I1', XYZ=28.00,26.00,3.00, LATCH=.FALSE./ CAR4.2 
&DEVC ID='CAR5.1', PROP_ID='Cleary Ionization I1', XYZ=39.00,17.00,3.00, LATCH=.FALSE./ CAR5.1 
&DEVC ID='CAR5.2', PROP_ID='Cleary Ionization I1', XYZ=39.00,26.00,3.00, LATCH=.FALSE./ CAR5.2 
&DEVC ID='CAR6.1', PROP_ID='Cleary Ionization I1', XYZ=50.00,17.00,3.00, LATCH=.FALSE./ CAR6.1 
&DEVC ID='CAR6.2', PROP_ID='Cleary Ionization I1', XYZ=50.00,26.00,3.00, LATCH=.FALSE./ CAR6.2 
 
&OBST XB=14.40,15.00,8.975,8.375,0.2,1.00, SURF_IDS='Burner','Burner','Burner'/ DRYER 
 
&OBST XB=11.00,16.00,13.00,8.00,0.0,0.2000, COLOR= 'CYAN', SURF_ID='WALL BOARD'/ FLOOR LR 
&OBST XB=11.00,16.00,13.00,8.00,3.00,3.025, COLOR= 'INVISIBLE', SURF_ID='WALL BOARD'/ CEILING LR 
&OBST XB=11.00,16.00,16.00,16.025,0.00,3.00, COLOR= 'PINK', SURF_ID='WALL BOARD'/ BACK Wall LR 
(Min X) 
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&OBST XB=16.00,16.025,13.00,8.00,0.00,3.00, COLOR= 'GREEN',SURF_ID='WALL BOARD'/ RIGHT Wall LR 
(Max Y) 
&OBST XB=11.00,16.00,13.00,13.025,0.00,3.00, COLOR= 'SEA GREEN', SURF_ID='WALL BOARD'/ FRONT 
wALL LR (Max X) 
&OBST XB=11.0,11.025,13.00,8.0,0.00,3.00, COLOR= 'INVISIBLE', SURF_ID='WALL BOARD'/ LEFT Wall LR 
(Min Y) 
 
&OBST XB=16.00,21.00,13.00,8.00,0.0,0.2000,  COLOR= 'CYAN', SURF_ID='WALL BOARD'/ Floor 
STORAGE 
&OBST XB=16.00,21.00,13.00,8.00,3.00,3.025,  COLOR= 'INVISIBLE',SURF_ID='WALL BOARD'/ CEILING 
STORAGE 
&OBST XB=16.00,21.00,8.00,8.025,0.00,3.00,  COLOR= 'PINK',SURF_ID='WALL BOARD'/ BACK Wall 
STORAGE (Min X) 
&OBST XB=16.025,16.050,13.00,8.00,0.00,3.00,  COLOR= 'GREEN',SURF_ID='WALL BOARD'/ Left Wall 
STORAGE (Max Y) 
&OBST XB=16.00,21.00,13.00,13.00,0.00,3.00, COLOR= 'SEA GREEN',SURF_ID='WALL BOARD'/ FRONT 
Wall STORAGE (Max X) 
&OBST XB=21.00,21.00,13.00,8.00,0.00,3.00,  COLOR= 'INVISIBLE', SURF_ID='WALL BOARD'/ Right Wall 
STORAGE (Min Y) 
 
&OBST XB=21.00,23.00,13.00,8.00,0.0,0.2000,  COLOR= 'CYAN', SURF_ID='WALL BOARD'/ Floor RR 
&OBST XB=21.00,23.00,13.00,8.00,3.00,3.025,  COLOR= 'INVISIBLE',SURF_ID='WALL BOARD'/ CEILING RR 
&OBST XB=21.00,23.025,8.00,8.025,0.00,3.00,  COLOR= 'PINK',SURF_ID='WALL BOARD'/ BACK Wall RR 
(Min X) 
&OBST XB=21.00,21.00,13.00,8.00,0.00,3.00,  COLOR= 'GREEN',SURF_ID='WALL BOARD'/ Left Wall RR 
(Max Y) 
&OBST XB=21.00,23.00,13.00,13.00,0.00,3.00, COLOR= 'SEA GREEN',SURF_ID='WALL BOARD'/ FRONT 
Wall RR (Max X) 
&OBST XB=23.000,23.00,13.00,8.00,0.00,3.00,  COLOR= 'INVISIBLE', SURF_ID='WALL BOARD'/ Right Wall 
RR (Min Y) 
 
&OBST XB=23.00,34.00,13.00,1.00,0.0,0.2000, COLOR='CYAN', SURF_ID='WALL BOARD'/ Floor CAR1 
&OBST XB=23.00,34.00,13.00,1.00,3.00,3.025, COLOR='INVISIBLE',SURF_ID='WALL BOARD'/ CEILING 
CAR1 
&OBST XB=23.00,34.00,1.00,1.00,0.00,3.00,COLOR= 'PINK',SURF_ID='WALL BOARD'/ BACK Wall CAR1 
(Min X) 
&OBST XB=23.00,23.00,13.00,1.00,0.00,3.00, COLOR= 'GREEN',SURF_ID='WALL BOARD'/ LEFT Wall CAR1 
(Max Y) 
&OBST XB=23.00,34.00,13.00,13.00,0.00,3.00, COLOR='SEA GREEN',SURF_ID='WALL BOARD'/ FRONT 
Wall CAR1 (Max X) 
&OBST XB=34.00,34.00,13.00,1.00,0.00,3.00, COLOR = 'INVISIBLE', SURF_ID='WALL BOARD'/ RIGHT Wall 
CAR1 (Min Y) 
 
&OBST XB=34.00,45.00,13.00,1.00,0.0,0.2000, COLOR='CYAN', SURF_ID='WALL BOARD'/ Floor CAR2 
&OBST XB=34.00,45.00,13.00,1.00,3.00,3.025, COLOR='INVISIBLE',SURF_ID='WALL BOARD'/ CEILING 
CAR2 
&OBST XB=34.00,45.00,1.00,1.00,0.00,3.00,COLOR= 'PINK',SURF_ID='WALL BOARD'/ BACK Wall CAR2 
(Min X) 
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&OBST XB=34.00,34.00,13.00,1.00,0.00,3.00, COLOR= 'GREEN',SURF_ID='WALL BOARD'/ LEFT Wall CAR2 
(Max Y) 
&OBST XB=34.00,45.00,13.00,13.00,0.00,3.00, COLOR='SEA GREEN',SURF_ID='WALL BOARD'/ FRONT 
Wall CAR2 (Max X) 
&OBST XB=45.00,45.00,13.00,1.00,0.00,3.00, COLOR = 'INVISIBLE', SURF_ID='WALL BOARD'/ RIGHT Wall 
CAR2 (Min Y) 
 
&OBST XB=45.00,56.00,13.00,1.00,0.0,0.2000, COLOR='CYAN', SURF_ID='WALL BOARD'/ Floor CAR3 
&OBST XB=45.00,56.00,13.00,1.00,3.00,3.025, COLOR='INVISIBLE',SURF_ID='WALL BOARD'/ CEILING 
CAR3 
&OBST XB=45.00,56.00,1.00,1.00,0.00,3.00,COLOR= 'PINK',SURF_ID='WALL BOARD'/ BACK Wall CAR3 
(Min X) 
&OBST XB=45.00,45.00,13.00,1.00,0.00,3.00, COLOR= 'GREEN',SURF_ID='WALL BOARD'/ LEFT Wall CAR3 
(Max Y) 
&OBST XB=45.00,56.00,13.00,13.00,0.00,3.00, COLOR='SEA GREEN',SURF_ID='WALL BOARD'/ FRONT 
Wall CAR3 (Max X) 
&OBST XB=56.00,56.00,13.00,1.00,0.00,3.00, COLOR = 'INVISIBLE', SURF_ID='WALL BOARD'/ RIGHT Wall 
CAR3 (Min Y) 
 
&OBST XB=1.00,56.00,15.00,13.00,0.0,0.2000, COLOR= 'CYAN', SURF_ID='WALL BOARD'/ FLOOR COR 
&OBST XB=1.00,56.00,15.00,13.00,4.00,4.025, COLOR= 'INVISIBLE', SURF_ID='WALL BOARD'/ CEILING 
COR 
&OBST XB=1.00,56.00,13.00,13.00,0.00,4.00, COLOR= 'PINK', SURF_ID='WALL BOARD'/ BACK Wall COR 
(Min X) 
&OBST XB=1.00,1.00,15.00,13.00,0.00,4.00, COLOR= 'GREEN',SURF_ID='WALL BOARD'/ LEFT Wall COR 
(Max Y) 
&OBST XB=1.00,56.00,15.00,15.00,0.00,4.00, COLOR= 'SEA GREEN', SURF_ID='WALL BOARD'/ FRONT 
Wall COR (Max X) 
&OBST XB=56.00,56.0,15.00,13.0,0.00,4.00, COLOR= 'INVISIBLE', SURF_ID='WALL BOARD'/ RIGHT Wall 
COR (Min Y) 
 
&OBST XB=23.00,34.00,15.00,28.00,0.0,0.2000, COLOR='CYAN', SURF_ID='WALL BOARD'/ Floor CAR4 
&OBST XB=23.00,34.00,15.00,28.00,3.00,3.025, COLOR='INVISIBLE',SURF_ID='WALL BOARD'/ CEILING 
CAR4 
&OBST XB=23.00,34.00,28.00,28.00,0.00,3.00,COLOR= 'PINK',SURF_ID='WALL BOARD'/ BACK Wall CAR4 
(Min X) 
&OBST XB=23.00,23.00,15.00,28.00,0.00,3.00, COLOR= 'GREEN',SURF_ID='WALL BOARD'/ LEFT Wall 
CAR4 (Max Y) 
&OBST XB=23.00,34.00,15.00,15.00,0.00,3.00, COLOR='SEA GREEN',SURF_ID='WALL BOARD'/ FRONT 
Wall CAR4 (Max X) 
&OBST XB=34.00,34.00,15.00,28.00,0.00,3.00, COLOR = 'INVISIBLE', SURF_ID='WALL BOARD'/ RIGHT 
Wall CAR4 (Min Y) 
 
&OBST XB=34.00,45.00,15.00,28.00,0.0,0.2000, COLOR='CYAN', SURF_ID='WALL BOARD'/ Floor CAR5 
&OBST XB=34.00,45.00,15.00,28.00,3.00,3.025, COLOR='INVISIBLE',SURF_ID='WALL BOARD'/ CEILING 
CAR5 
&OBST XB=34.00,45.00,28.00,28.00,0.00,3.00,COLOR= 'PINK',SURF_ID='WALL BOARD'/ BACK Wall CAR5 
(Min X) 
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&OBST XB=34.00,34.00,15.00,28.00,0.00,3.00, COLOR= 'GREEN',SURF_ID='WALL BOARD'/ LEFT Wall 
CAR5 (Max Y) 
&OBST XB=34.00,45.00,15.00,15.00,0.00,3.00, COLOR='SEA GREEN',SURF_ID='WALL BOARD'/ FRONT 
Wall CAR5 (Max X) 
&OBST XB=45.00,45.00,15.00,28.00,0.00,3.00, COLOR = 'INVISIBLE', SURF_ID='WALL BOARD'/ RIGHT 
Wall CAR5 (Min Y) 
 
&OBST XB=45.00,56.00,15.00,28.00,0.0,0.2000, COLOR='CYAN', SURF_ID='WALL BOARD'/ Floor CAR6 
&OBST XB=45.00,56.00,15.00,28.00,3.00,3.025, COLOR='INVISIBLE', SURF_ID='WALL BOARD'/ CEILING 
CAR6 
&OBST XB=45.00,56.00,28.00,28.00,0.00,3.00,COLOR= 'PINK',SURF_ID='WALL BOARD'/ BACK Wall CAR6 
(Min X) 
&OBST XB=45.00,45.00,15.00,28.00,0.00,3.00, COLOR= 'GREEN',SURF_ID='WALL BOARD'/ LEFT Wall 
CAR6 (Max Y) 
&OBST XB=45.00,56.00,15.00,15.00,0.00,3.00, COLOR='SEA GREEN',SURF_ID='WALL BOARD'/ FRONT 
Wall CAR6 (Max X) 
&OBST XB=56.00,56.00,15.00,28.00,0.00,3.00, COLOR = 'INVISIBLE', SURF_ID='WALL BOARD'/ RIGHT 
Wall CAR6 (Min Y) 
 
&BNDF QUANTITY='WALL TEMPERATURE'/ 
&SPEC ID='SOOT',MASS_FRACTION_0=0.00007967 / 
SPEC ID='CARBON MONOXIDE', STATISTICS='AREA INTEGRAL'/ 
 
&ISOF QUANTITY='TEMPERATURE', VALUE=80.00/ 
 
&SLCF QUANTITY='DENSITY', SPEC_ID='SOOT', PBZ=3.0/ 
&SLCF QUANTITY='DENSITY', SPEC_ID='SOOT', PBY=3.0/ 
&SLCF QUANTITY='DENSITY', SPEC_ID='SOOT', PBX=3.0/ 
 
&SLCF QUANTITY='VISIBILITY', PBZ=3.0/ 
&SLCF QUANTITY='VISIBILITY', PBY=3.0/ 
&SLCF QUANTITY='VISIBILITY', PBX=3.0/ 
 
&SLCF QUANTITY='TEMPERATURE', PBZ=3.0/ 
&SLCF QUANTITY='TEMPERATURE', PBY=3.0/ 
&SLCF QUANTITY='TEMPERATURE', PBX=3.0/ 
 
&SLCF QUANTITY='EXTINCTION COEFFICIENT', PBZ=3.0/ 
&SLCF QUANTITY='EXTINCTION COEFFICIENT', PBY=3.0/ 
&SLCF QUANTITY='EXTINCTION COEFFICIENT', PBX=3.0/ 
 
&SLCF QUANTITY='VELOCITY', VECTOR=.TRUE., PBZ=3.0/ 
&SLCF QUANTITY='VELOCITY', VECTOR=.TRUE., PBY=3.0/ 
&SLCF QUANTITY='VELOCITY', VECTOR=.TRUE., PBX=3.0/ 
&SLCF QUANTITY='MASS FRACTION', SPEC_ID='CARBON MONOXIDE', PBZ=3.0/ 
&SOOT DENSITY', PBZ=3.0/ 
&SLCF QUANTITY='VOLUME FRACTION', SPEC_ID='SOOT', PBZ=3.0/ 
&SLCF QUANTITY='VELOCITY', VECTOR=.TRUE., PBZ=0.50/ 
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&SLCF QUANTITY='DENSITY', SPEC_ID='SOOT', PBZ=1.5/ 
&SLCF QUANTITY='DENSITY', SPEC_ID='SOOT', PBY=1.5/ 
&SLCF QUANTITY='DENSITY', SPEC_ID='SOOT', PBY=10/ 
&SLCF QUANTITY='DENSITY', SPEC_ID='SOOT', PBY=14/ 
&SLCF QUANTITY='DENSITY', SPEC_ID='SOOT', PBY=21.5/ 
&SLCF QUANTITY='DENSITY', SPEC_ID='SOOT', PBX=1.5/ 
 
&SLCF QUANTITY='VISIBILITY', PBZ=1.5/ 
&SLCF QUANTITY='VISIBILITY', PBY=1.5/ 
&SLCF QUANTITY='VISIBILITY', PBY=10/ 
&SLCF QUANTITY='VISIBILITY', PBY=14/ 
&SLCF QUANTITY='VISIBILITY', PBY=21.5/ 
&SLCF QUANTITY='VISIBILITY', PBX=1.5/ 
 
&SLCF QUANTITY='TEMPERATURE', PBZ=1.5/ 
&SLCF QUANTITY='TEMPERATURE', PBY=1.5/ 
&SLCF QUANTITY='TEMPERATURE', PBY=10/ 
&SLCF QUANTITY='TEMPERATURE', PBY=14/ 
&SLCF QUANTITY='TEMPERATURE', PBY=21.5/ 
&SLCF QUANTITY='TEMPERATURE', PBX=1.5/ 
 
&SLCF QUANTITY='EXTINCTION COEFFICIENT', PBZ=1.5/ 
&SLCF QUANTITY='EXTINCTION COEFFICIENT', PBY=1.5/ 
&SLCF QUANTITY='EXTINCTION COEFFICIENT', PBX=1.5/ 
 
&SLCF QUANTITY='VELOCITY', VECTOR=.TRUE., PBZ=1.5/ 
&SLCF QUANTITY='VELOCITY', VECTOR=.TRUE., PBY=1.5/ 
&SLCF QUANTITY='VELOCITY', VECTOR=.TRUE., PBX=1.5/ 
&SLCF QUANTITY='MASS FRACTION', SPEC_ID='CARBON MONOXIDE', PBZ=1.5/ 
&SLCF QUANTITY='MASS FRACTION', SPEC_ID='CARBON MONOXIDE', PBY=1.5/ 
&SLCF QUANTITY='MASS FRACTION', SPEC_ID='CARBON MONOXIDE', PBX=1.5/ 
&SOOT DENSITY', PBZ=1.5/ 
&SOOT DENSITY', PBY=1.5/ 
&SOOT DENSITY', PBX=1.5/ 
&SLCF QUANTITY='VOLUME FRACTION', SPEC_ID='SOOT', PBZ=1.5/ 
&SLCF QUANTITY='VOLUME FRACTION', SPEC_ID='SOOT', PBY=1.5/ 
&SLCF QUANTITY='VOLUME FRACTION', SPEC_ID='SOOT', PBX=1.5/ 
&SLCF QUANTITY='VELOCITY', VECTOR=.TRUE., PBZ=0.50/ 
 
&TAIL / 
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Appendix H: Pathfinder Computer Evacuation Models 
 
Introduction 
Pathfinder is a computer software used to model occupant evacuation times in buildings.   
 
ASET > RSET 
ASET (Available Safe Egress Time):  time from ignition until bldg./room becomes untenable 
RSET (Required Safe Egress Time):   time needed by occupants to evacuate from the bldg./room 
   
Pathfinder Travel Time (sec)  Hand Calculated Travel Time (sec) 
 20.8    24    
